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Abstract 
Many species are unsustainable at small population densities (Allee Effect). This implies that for 
population densities below a threshold, named Allee threshold, the population decreases instead 
of growing. In a closed local population, this makes that environmental fluctuations always leads 
to extinction. Here, we show how, in spatially extended habitats, dispersal can lead to a 
sustainable population in a region, provided the amplitude of environmental fluctuations is below 
an extinction threshold. We have identified two types of sustainable populations: high-density 
and low-density populations (through a mean-field approximation, valid in the limit of large 
dispersal length). Our results show that close to global extinction patches where population 
density is high, low or extinct coexist (even for homogeneous habitats). The extinction threshold 
increases proportionally to the squared root of the dispersal rate, decreases with the Allee 
threshold, and it is maximum for characteristic dispersal distances much larger than the spatial 
scale of synchrony of environmental fluctuations. The low-density population solution can be 
particularly interesting for future applications, as to understand non-recovery events after 
harvesting. This theoretical framework allows novel approaches to address the impact of other 
factors, as habitat fragmentation, on the population resilience to environmental fluctuations.  
1. Introduction 
Many species need a minimum population density to be viable such as the island fox (Angulo et 
al. 2007), the polar bear (Molnár et al. 2008), the american ginseng (Hackney and McGraw 
2001) and the atlantic codfish (Kuparinen and Hutchings 2014) among others. This minimum 
viable population density is named Allee threshold (Allee 1931), and below it, the population 
declines towards extinction, a phenomenon called the Allee effect. 
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Field researches have shown the effects of the Allee effect on populations of plants and animals 
that, for different causes, have decreased below the Allee threshold. The effects depend on the 
strength of the Allee Effect, on the absence of harvest and on the presence of positive human 
intervention. Many of these depleted populations never recover and become extinct in some 
years. Some depleted populations take many years (much more than the average lifetime of the 
species) to get out of this situation and eventually recover. In animals, monogamous species with 
long lifetimes tend to be more vulnerable to Allee Effect (Saether et al. 2006; Angulo et al. 
2007), in addition to solitary species with difficulties for finding breeding mate or an unbalanced 
male-female ratio (Molnár et al. 2008). Another causes that can explain Allee effect in animals 
are non-efficient feeding (Way and Banks 1967), difficulties to survive in an environment with 
predators, competitors or human harvest (Moynihan and Kruuk 2010; Kenward 2006; Jarillo et 
al. 2018)  or inbreeding (Ralls, Frankham, and Ballou 2013; Frankham and Ralls 1998). In 
plants, less efficient pollination or fruit production (decreasing at small populations) (Hackney 
and McGraw 2001)  seem to be the principal causes providing Allee Effect. Most of the articles 
cited above qualitatively describe how a particular species in a low population density situation 
has difficulties surviving due to Allee Effect.  
Theoretical papers have addressed the general question of the eradication of alien species  
(Liebhold and Bascompte 2003), and of the spatial patterns influence on the spread of invading 
species (Lewis and Kareiva 1993), observed in gypsy moth (Vercken et al. 2011). These papers 
show that both the Allee Effect and environmental variability can contribute to the extinction of 
a population. Other works have studied the effects of stochasticity in species vulnerable to the 
Allee Effect (Dennis 2002; Engen, Lande, and Sæther 2003; Lee, Sæther, and Engen 2011; 
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Méndez et al. 2019) describing mean time to extinction, or probability of extinction after a given 
time, for a single location.  
Studies of a locally endangered butterfly sustain the critical role of immigration in the regional 
dynamics to counterbalance the Allee effects (Bonsall et al. 2014).  Recently, Dennis et al. 
(Dennis et al. 2016) have shown that an external constant migration term can sustain the 
population in the presence of stochastic environmental fluctuations. Here, we go a step further 
and show that a spatially extended population with dispersal between the locations can be 
sustainable. We clarify the conditions for sustainability in spatially extended habitats, 
quantifying the effects of dispersal in the resilience to stochastic environmental fluctuations.  
The results we present here provide insight on how natural or human-induced changes in the 
species dynamical parameters would influence its extinction risk due to environmental 
fluctuations. In particular, it provides information on how an increase in the amplitude of 
environmental fluctuations can affect the sustainability of a population. This problem is of 
particular present relevance as several regions of the Earth are increasing its climate 
variability(IPCC 2012). 
2. Methods:  
2.1. Spatially extended population model 
We introduce here a spatially extended, one-dimensional, population model, including Allee 
effects, environmental fluctuations, and dispersal. This model allows us to assess the resilience 
of populations to environmental fluctuations, and the role played by dispersal in this resilience.  
The deterministic Allee model (Allee and Rosenthal 1949; Odum and Allee 2006) gives the local 
deterministic dynamics of the population density N(x,t). This dynamics is determined by a 
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characteristic growth rate r, a carrying capacity K (stable viable population density), and an Allee 
threshold A (minimum viable population density). Note that the population density N(x,t) is 
defined as the local number of individuals per unit of length at a given time. Additionally, 
environmental stochasticity is introduced through an additional stochastic contribution σ N dB, 
which is proportional to the population density. The amplitude of these environmental 
fluctuations is given by σ, and dB(x,t) is a normalized Gaussian random field with a spatial scale 
of synchrony le, giving the spatial scale of synchrony of the environmental fluctuations, which is 
the characteristic distance at which environmental fluctuations remain correlated (Jarillo et al. 
2018). Therefore, the local dynamics of a population density N(x,t) in the stochastic Allee model 
is given by  
dN|local = r N (N/A-1) (1-N/K) dt + σ N dB (1) 
The first term corresponds to the deterministic Allee model (Allee and Rosenthal 1949; Odum 
and Allee 2006). This equation implies a rate of return to extinction for populations close to 
extinction of γ0 = r and a rate of return to the carrying capacity for populations close to the 
carrying capacity of γK = r (K/A-1). The second term in Eq. (1) gives the contribution of 
stochastic environmental fluctuations to the changes in the local population, with an amplitude of 
the environmental fluctuations σ. The random field dB(x,t) is given by increments of standard 
Brownian motions in each position with zero mean and variance dt, and it is spatially correlated 
with an exponential autocorrelation of length le, which is the spatial scale of synchrony of 
environmental fluctuations (Jarillo et al. 2018).  
The dispersal couples the dynamics in the different locations. We consider that individuals 
disperse away with a rate m to a characteristic distance lm. Thus, dispersal gives an additional 
contribution to the dynamics of  
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dN|dispersal = - m N dt + m dt ∫N(x-y,t) f(y) dy    (2) 
which makes the dynamics non-local. The first term represents the population decrease at 
position x due to individuals that disperse away with probability m dt. The second term gives the 
population increase due to individuals that disperse to position x from a position that is at a 
distance y, being N(x-y,t) the population at a distance y. Therefore, m is the rate of random 
dispersal to a position at a distance y with probability f(y), where f(y) is a Gaussian with variance 
lm2 and zero mean. Hence, individuals disperse at a rate m to typical distances of the order of lm. 
The combination of both contributions to the change in population density gives the complete 
spatially extended dynamics, 
dN = dN|local + dN|dispersal    (3) 
Typical population distributions at long times given by this dynamical equation can be seen in 
Fig. 1 (panels A, C, and E).  
2.2. Numerical simulations 
The numerical simulations of the previously described dynamical equation is performed taking 
the scale of synchrony of environmental fluctuations, le, as reference length, i.e., le=1, and 20 
lattice nodes per unit length. The total length of the simulation box was 140 times the maximum 
of le and lm, and we consider periodic boundary conditions (aiming to obtain results for infinite 
habitat). The time resolution was 50 times smaller than the minimum of the characteristic times 
of the dynamics  (i.e., the minimum of the inverses of the rates r and m). These resolutions, 
simulations boxes, and boundary conditions guarantee that the dynamics is well-resolved in time 
and space, and that mimics an infinite habitat for better comparison with the results found with 
the mean-field approximation (Law, Dieckmann, and Metz 2000; Morozov and Poggiale 2012) 
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described below. In this way, we performed numerical simulations of spatially extended 
populations, starting from a population density equal to the carrying capacity. We ran several 
simulations for each set of parameters with different amplitudes of the environmental 
fluctuations.   
We define the extinction threshold, σextinction, as the amplitude of environmental fluctuations 
above which the environmental fluctuations lead to the global extinction of population. From 
these simulations, the environmental fluctuation extinction threshold σextinction is obtained as the 
smallest amplitude of the environmental fluctuations for which the population always suffers 
global extinction at long times (t=1000). 
Besides, relevant information of a spatially extended population is how probable it is to find a 
given population density in a given location, i.e., to determine the population probability 
distribution. Here, the population probability distribution p(N) does not depend on location, as 
we have assumed homogeneous habitat conditions, represented by location-independent 
population dynamics parameters (growth rate r, carrying capacity K, Allee threshold A, and 
amplitude of environmental fluctuations σ). Thus, the population probability distribution p(N) 
gives the probability to find the population density N. The population probability distribution 
p(N) is computed from numerical simulations doing population density histograms, like those 
shown in Fig. 1 Panels B, D, and F.  
2.3. Analytical population probability distribution 
Additionally, we can get further insight into the population dynamics through a more analytical 
approach for the computation of the population probability. The stochastic differential equations 
for the stochastic Allee model with dispersal, Eq. 3, has the form ൌ 𝐹ሺ𝑁ሻ 𝑑𝑡 ൅ ඥ𝑣ሺ𝑁ሻ 𝑑𝐵 . For 
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equations of this form, if a stationary population probability distribution exists it is given by 
(Karlin and Taylor 1967) 
𝑝ሺ𝑁ሻ ൌ 𝑛𝑣ሺ𝑁ሻ ൉ exp ቆ2 න
𝐹ሺ𝑁ሻ
𝑣ሺ𝑁ሻ 𝑑𝑁ቇ.   ሺ4ሻ 
Therefore, for the stochastic Allee model with dispersal, Eq. 3, the stationary population 
probability distribution is 
𝑝ሺ𝑁ሻ ൌ
𝑛 ൉ exp ቆ 1𝜎ଶ ൬
2𝑟𝑁
𝐾 ൅
2𝑟𝑁
𝐴 െ
𝑟𝑁ଶ
𝐴𝐾 െ
2𝑚𝐼
𝑁 ൰ቇ 
𝜎ଶ𝑁ଶାଶሺ௥ା௠ሻ ఙమൗ
 , ሺ5ሻ 
where n is the normalization factor, and the coupling term I(x) = ∫N(x-y) f(y) dy makes the 
population probability in one location depending on the values of the population density in the 
surrounding region.  
2.4. Mean-field approximation 
We propose here to combine the analytic expression in Eq. (5) with the mean-field 
approximation to deal with the coupling term 𝐼ሺ𝑥ሻ. When the dispersal length is much larger 
than the spatial scale of synchrony of environmental fluctuations, lm≫le, (for example, the case 
of long-distance migrant birds) the mean-field approximation is a good approximation. The 
mean-field approximation assumes the stationary population density is approximately equal in all 
points of space (because long-distance migration, lm≫le, tends to make the population more 
uniform along all space, recolonizing low-populated points from those that are “overpopulated”). 
The mean-field approximation implies that the coupling term I in Eq. (5) can be treated as 
position independent, 𝐼ሺ𝑥ሻ ൌ 𝐼, and we can approximate it by the mean value of the population 
density 
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𝐼 ൌ න 𝑁 𝑝ሺ𝑁ሻ 𝑑𝑁
ஶ
଴
.  ሺ6ሻ 
The extinction threshold, σextinction, was defined here as the amplitude of environmental 
fluctuations above which the environmental fluctuations leads to the global extinction of 
population. In the mean-field approximation, the extinction threshold can be computed directly 
obtaining the value of the environmental amplitude where there is no longer a solution of the 
system of equations formed by Eqs. 5 and 6 (i.e., the point where the green and the red curve 
merge in Fig. 2), except the extinction in all space solution, 𝑝ሺ𝑁 ൌ 0ሻ ൌ 1. Therefore, in 
addition to the possibility of calculating a stationary probability distribution, the mean-field 
approximation allows us to estimate quickly the extinction threshold for a particular set of 
parameters (which is a close upper limit of the real extinction threshold when the dispersal 
distance of the species is large enough). We get two branches of solutions, which represent two 
different equilibria: the high mean population density solution, phigh, and low mean population 
density solution, plow.  See Figs. 1 and 2.  
2.5.Maximum approximation 
An estimation of the extinction threshold can be obtained adding the maximum approximation, 
which assumes the extinction threshold is the value of the amplitude of environmental 
fluctuations σ that locates the maximum of pI(N) [where pI(N) is is the population probability for 
a given Iሿ at the Allee threshold A. This estimation gives for the extinction threshold 
𝜎௘௫௧௜௡௖௧௜௢௡ ൌ ඨ𝑚 ൬ 𝐼𝐴 െ 1൰ .   ሺ7ሻ 
Furthermore, this expression is useful to notice that the extinction threshold approximately 
increases with the square root of the migration rate and decreases with the Allee threshold A 
10 
 
(Fig. 3). In order to obtain the value of σextinction estimated with the mean-field and maximum 
approximations, we must simultaneously solve numerically Eqs. 5, 6, and 7.  
 
 
 
Fig. 1: Spatial profiles of population density, their associated averaged population density 
histograms compared with mean-field population probability distributions. Panels A, C and E: 
spatial profile of the population density for simulation at long time, t=1000, with growth rate 
r=0.1, Allee threshold A=0.1, carrying capacity K=1, migration rate m=1, and migration 
distance equal to the spatial scale of synchrony of environmental fluctuations, lm=le. Panels B, 
D, and F: population density histograms for the spatial profiles of population densities shown in 
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Panels A, C, and E, respectively. In Panels B, D, and F, we also show the theoretical population 
probability distributions given by the two non zero branches of solutions of the mean-field 
equations for values of σ below the extinction threshold. They correspond to the low and high 
density population probability distributions solutions (presented in the following section), plow(N) 
with a red line, and phigh(N) with a green line, respectively. We represent in the figure these 
distributions weighted with the coefficients resulting from a fit of a linear combination of them 
and the zero population density solution p0(N) (black point). The result for this fits are 
p(N)=phigh(N) in Panel B, p(N)=0.08plow(N)+0.92phigh(N) in Panel D and 
p(N)=0.06p0(N)+0.22plow(N)+0.72phigh(N) in Panel F. Red dashed lines indicate Allee threshold 
value A=0.1, green dashed lines indicate carrying capacity K=1 and black dashed lines indicate 
N=0. Note the similarities between the population density histograms obtained from direct 
numerical simulation and the fit to the linear combination of the population probability 
distributions obtained with the mean-field limit approximation (i.e., the large migration distance 
limit, lm/le→∞). However, the real histograms are displaced to the left due to the border effects, 
which are effects beyond the mean-field approximation (i.e., due to finite migration distance, in 
this case lm/le=1). Note also that increasing the environmental fluctuations 𝜎 increases the 
presence of regions where the population is depleted or extinct, as 𝜎 approaches the extinction 
threshold  (σextinction=0.80 for the parameter values in this figure). 
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Fig. 2: Solutions in the mean-field approximation: (Panel A) Mean population density I as a 
function of environmental noise amplitude σ for the two non-zero branches of solutions at the 
mean-field approximation, with growth rate r=0.1, carrying capacity K=1, Allee threshold 
A=0.1, and migration rate m=1. (Panel B) High population (green) and low population (red, 
divided by 10 to make the figure more visible) probability distributions, phigh and plow 
respectively, calculated at the mean-field approximation for the same parameters of Panel A, for 
values of the environmental fluctuations amplitude σ=0.3 (solid line), σ=0.7 (dashed line) and 
σ=0.75 (dash-dotted line). Vertical lines show N=0 (black), N=A=0.1 (red) and N=K=1(green). 
Note that distributions tend to move to lower values of population density as environmental 
fluctuation amplitude σ increases. 
 
Variables Description 
N(x,t) Population density at a given position x and a time t. Dimensionless 
A 
Allee threshold of the species, below it, the species has negative growth. 
Dimensionless. 
K 
Carrying capacity of the species, meaning stable viable population density. 
Dimensionless 
r Growth rate. Units of time-1 
γ0 Rate of return to extinction.  Units of time-1 
γK Rate of return to carrying capacity.  Units of time-1 
m Dispersal rate of the species. Units of time-1 
le Spatial scale of synchrony of environmental fluctuations. Units of length  
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lm 
Mean distance traveled by the dispersed individuals (characteristic width of 
the Gaussian dispersion function). Units of length 
σ 
Amplitude of the environmental fluctuations. The standard deviation of the 
environmental fluctuations gives it. Units of time-1/2 
σextinction 
Extinction threshold for the amplitude of environmental fluctuations 
(Minimum amplitude of the fluctuations that ensures global extinction). 
Units of time-1/2 
Table 1: Variables used in this article, definition, and units. 
3. Results: Dispersal makes the population resilient to environmental fluctuations 
In a closed local population, environmental fluctuations lead to extinction in the presence of 
environmental fluctuation, because environmental fluctuations eventually lead the population 
density below the Allee threshold A. Our results show that the presence of dispersal allows the 
recovery of a region with a depleted population thanks to population arriving from nearby non-
depleted regions. This dispersal induced population recovery makes the species resilient to 
population depletions caused by environmental fluctuations. Resilience to environmental 
fluctuations increases with the increase of dispersal, both by increasing dispersal rate or by 
increasing dispersal length. See Fig. 3, where the extinction threshold σextinction is represented, 
when environmental fluctuations are more intense than this threshold, the population gets 
globally extinct.  
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Fig 3:  Extinction threshold, σextinction, versus different parameters. (Panel A) Extinction threshold 
versus Allee threshold for the mean-field approximation (black dots) (i.e., large migration 
length, lm≫le), for the mean-field and maximum approximations (red dots), and for a simulation 
with lm=le (i.e., migration length lm equal to the spatial scale of synchrony of environmental 
fluctuations le) all with dispersal rate m=1. (Panel B) Extinction threshold versus dispersal rate 
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using the same color code as the previous panel, all with Allee threshold A=0.1. The migration 
rates considered vary from 0.3 to 5.3, meaning that migration rate is higher than or similar to 
the characteristic growth rate considered in this simulations r=0.1, providing a significant 
contribution to population recoveries. (Panel C) Extinction threshold, σextinction, as a function of the 
ratio between the characteristic dispersal distance and the spatial scale of synchrony of 
environmental fluctuations, lm/le, using the same color codes as the previous panels, all with 
m=1 and A=0.1. (Panel D) Scaling of the extinction threshold at large dispersal rate verified 
plotting the ratio σextinction/√m  versus the dispersal rate m for Allee thresholds A=0.1 (black), 
A=0.35(green), and A=0.6(purple) obtained for the mean-field approximation. For all the panels 
in the figure, we have considered a growth rate r=1 and a carrying capacity K=1. 
From the mean-field approximation, we get that in the absence of dispersal, m=0, the population 
probability, Eq. 5, diverges in N=0 as 𝑁ିଶቀଵା ೝ഑మቁ, indicating that the population always goes 
extinct (after a certain transition time). However, when dispersal is present, the dispersal term 
with I suppress the divergence at zero population density, and species can be sustained, then, 
migration is necessary to sustain a population at long times. This result is consistent with 
previous results found with a constant migration term in (Dennis et al. 2016), where a similar 
study as ours was done but considering a constant external migration in the growth equation 
instead of spatial extended diffusion within the habitat. In the case with dispersal, the system of 
equations formed by Eqs. 5 and 6 is numerically found to have two roots or no root. (See Fig. 
2A.) The two regimes are separated by a critical value of the amplitude of environmental 
fluctuations, σextinction. (The results obtained with the mean-field approximation are shown with 
black dots in Fig. 3.) For values above this extinction threshold, σextinction, populations get extinct 
in all the locations. In contrast, for values below the extinction threshold, there is an equilibrium 
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between extinction and recovery from extinction due to dispersal from other regions. The two 
branches of solutions represent two different equilibria. The high mean population density 
solution, phigh (green curves in Panels B, D, and F of Fig. 1) has most regions of space with 
population densities above the Allee threshold, and local extinction is rare. The regions above the 
Allee threshold have population densities below the carrying capacity due to the cost of 
recovering areas with local extinction. The low mean value solution plow (red curves in Panels B, 
D, and F of Fig. 1) has most of the regions below the Allee threshold, and they are just prevented 
from extinction due to the dispersal contributions from the regions with population densities 
above the Allee threshold. These two ideal solutions have been obtained in the mean-field 
approximation, which assumes large dispersal lengths (lm≫le); nonetheless, this approximation is 
a limit case that can be useful to understand populations with shorter dispersal lengths, because 
their extinction thresholds have a similar dependence with the change of parameters (Figures 3A 
and 3B). Simulations with finite dispersal lengths (Fig. 1), a much more common situation, show 
that this two types of solutions may be present at different regions of the same habitat, and 
together with regions of extinction (regions of zero population density in Panel E of Fig. 1, 
reflected as peaks at zero in the histogram of Panel F of Fig. 1).  
The additional maximum approximation explained in the methods section works well for low 
values of A, reproducing the results of the mean-field approximation (𝑙௠ ≫ 𝑙௘), as shown in Fig. 
3.  
On the one hand, the extinction threshold is found to decrease as the Allee threshold increases 
(Panel A of Fig. 3), as both simulations and mean-field approximation shows. On the other hand, 
increasing the dispersal rate increases the extinction threshold, which at large values of the 
dispersal rate grows as 
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𝜎௘௫௧௜௡௖௧௜௢௡ ∼ √𝑚,            ሺ8ሻ 
as we expected from Eq. 7, obtained by the mean-field and maximum approximation (See Panels 
B and D of Fig. 3.). This dependence of the extinction threshold with the square root of the 
migration rate is related to the stochastic nature of the environmental fluctuations (which is here 
modelled with a Weiner process). Finally, maximum values of the extinction threshold are found 
in the mean-field limit, where characteristic dispersal distance is much larger than the spatial 
scale of environmental synchrony, lm≫le (right-hand side of Panel C of Fig. 3). For values of the 
dispersal distance of the order of the spatial scale of environmental synchrony, the extinction 
threshold is reduced (for example, to half the value given by the mean-field approximation in the 
simulation shown in the blue dots of Panel C of Fig. 3). Therefore, resilience to environmental 
noise is reduced when dispersal is less frequent (lower m) or more local (lower lm). 
4. Discussion 
We have shown that dispersal can make a population with an Allee threshold more resilient to 
environmental noise-induced extinction. This resilience can be characterized by the extinction 
threshold σextinction for the amplitude of environmental fluctuations, above which the species gets 
extinct. This extinction threshold increases if the dispersal rate m increases, or if the relative 
dispersal length lm/le increases. Mean-field approximation leads us to identify two branches of 
sustainable population distributions. For one of the branches, high-density population state, the 
population distribution has most regions above the Allee threshold and some regions below it. 
(See blue curve in Fig. 1F.) For the other branch, low-density population state, the population 
distribution has most regions with a population below the Allee threshold but sustained by 
dispersal from the regions above the Allee threshold. (See red curve in Fig. 1F.) Dennis et al. 
(Dennis et al. 2016) already identified the two branches, of low and high population densities, 
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but for one location with external migration. Here, this analysis has been done for a spatially 
extended population with only internal dispersal. This means that regions with local extinction 
can be recolonized through dispersal from neighboring populations. We also show here that the 
path to global extinction is a path through the emergence of local depletions and extinctions, 
which spatially coexist with non-depleted regions (even in homogeneous habitats). In this path to 
global extinction, low-density and extinct regions cover larger and larger fraction of the area as 
the amplitude of environmental fluctuations increases towards the extinction threshold.    
The low-density population state found may be related to the absence of recovery seen in some 
ecosystems after halting harvesting (Lotze et al. 2011). In those ecosystems, the species seems to 
be trapped in a low-density population state, where they have been lead by harvesting, but they 
do not recover to the previous high-density population state despiste harvesting is stopped during 
long periods. Further studies of transitions between low and high-density population states have 
to be done to deeply understand the implications of the two states presented here for these 
ecosystems. Our current results already suggest that the repopulation of an area can lead to a 
change from the low to the high-density population state, but that the repopulation should be 
intense enough to lead to a change in the regime of the dynamics in this area. Further studies 
could provide additional clues to optimize repopulation strategies. It would be also interesting to 
address the particular case where the Allee effect arises as a consequence of a population density 
dependent mating rate, as in the studies in two dimensional habitats done in (Windus & Jensen 
2007, Pires & Queiros 2019). 
Our results provide a new tool for the assessment of extinction risk under an increase of the 
amplitude of environmental fluctuations, for example, the increase in climate variability reported 
for several regions of the Earth  (IPCC 2012). The two branches of solutions identified, high and 
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low-density population states, require a future detailed analysis of transitions between them and 
to extinction, and factors that influence these transitions, like harvesting and habitat suitability 
(which in nature are generally heterogeneous and stochastic in space and time). These analysis in 
the theoretical framework proposed here will provide information on the resilience of the high 
and low-density population states in finite-size habitats, assessing the impact of these states and 
transitions for the species sustainability on a scenario of increasing climate variability (IPCC 
2012). 
This theoretical framework also allows to study the impact of fragmentation (i.e., the effects of 
having finite size habitats), which introduces an effective limit in the dispersal. Therefore, 
fragmentation is expected to reduce the potential of dispersion to recover populations and lead to 
a reduction of the resilience to environmental fluctuations. 
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